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BNL Science Featured at March 2001 APS Meeting
Karen McNulty Walsh and Diane Greenberg

At the National Synchrotron Light Source (NSLS),
researchers are using a newly modified instrument 
a diamond anvil with a beryllium gasket   to exert high
pressure on transition metals, such as iron, cobalt, and
chromium, to study their electronic structure. To under-
stand the geophysics of the earth, the scientists hope
to mimic the conditions at the center of the earth, where
such transition metals are under extremely high pres-
sure.

Chi-Chang Kao, a physicist in the NSLS Depart-
ment, will explain this research in more detail in the
Brookhaven Lecture on Wednesday, January 31, at 4
p.m. in Berkner Hall. The title of the lecture is “A Softer
X-Ray View Into the Diamond Anvil Cell: Electronic
Structure of Materials Under High Pressure.”

David Mao of the Carnegie Institute invented the
diamond-anvil method in the 1960s, but, until this time,
only high-energy x-rays or lasers were used for light
source studies. With Mao, Kao recently designed a be-
ryllium gasket for the anvil. Then, Kao and James Ablett,
University of London, developed microfocusing optics
to focus the x-rays into the diamond anvil cell.

These modifications to the diamond anvil enabled
Kao to use softer x-rays for x-ray spectroscopy stud-
ies, thus enabling him to determine the electronic struc-
ture of the transition metals under high pressure.

A month after earning his Ph.D. in chemical engi-
neering from Cornell University in 1988, Kao started
as a postdoctoral research associate at BNL. He be-
came an assistant physicist in 1990, associate physi-
cist in 1992, and physicist in 1994. He was awarded
tenure in 1997.

[Editor’s note: Reprinted with permission from the
BNL Bulletin - January 26, 2001.]

Mimicking Conditions at the Center of the Earth
360th Brookhaven Lecture
Diane Greenberg
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More than 30 BNL scientists presented their re-
search at the March 2001 American Physical Society
(APS) meeting held this week, March 12-16, at the
Washington State Convention Center in Seattle, Wash-
ington. These four stories feature a sampling of the
promising and varied research reported at the meet-
ing.

Revealing the secret of high-performance
transducers

Beatriz Noheda, Physics Department, reported on
new advances in the study of piezoelectric materials
materials that can be deformed by the application of
an electric field, or that produce an electric current when
physically deformed.

One of the most important piezoelectric materials
is a ceramic known as PZT. It is used as a transducer
for transforming the vibrations of sound waves, for ex-
ample, into electrical current and vice versa in devices
such as telephones, sonar systems, and ultrasound
machines.

Noheda described the discovery of a previously un-
known phase, or crystalline shape, for certain compo-
sitions of PZT, which explains their very high piezo-
electric response.

“With this new ‘monoclinic’ phase, you no longer
have to apply the electric field in the exact direction of
the deformation. This material has a lot more freedom
to deform,” Noheda says.

Scientists may now look for this monoclinic phase
in other materials and use them as well as PZT to make

Chi-Chang Kao, NSLS, studies the electron structure of
transition metals using a newly modified instrument   a
diamond anvil with a beryllium gasket.
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the next generation of solid-state transducers, which
could result in much more sensitive devices. This work
was done at the National Synchrotron Light Source.

Exploring electronic states in high-temperature
superconductors

Tonica Valla, Physics Department, presented his
group’s latest efforts to understand the underlying
mechanism for superconductivity in copper-based ma-
terials - cuprates - that act as high-temperature super-
conductors. Like traditional superconductors, these
materials carry electrical current with no resistance while
in their superconducting state. But Valla’s studies at
the NSLS reveal that they do not use the same mecha-
nism.

In both traditional and high-temperature supercon-
ductors, pairs of electrons carry the electric current,

but the “glue” that holds the pairs together may be dif-
ferent.

Valla’s experiments give direct information about
electronic states in these materials and can uncover
the interaction that causes pairing of electrons.

The new materials become superconducting at
warmer temperatures than do conventional supercon-
ductors, which must be kept super cold by surrounding
them with expensive liquid helium. Cuprates, however,
are superconducting at temperatures “warm” enough
to be chilled by less-expensive liquid nitrogen.

“If we understand how these high-temperature su-
perconductors work, then we might be able to make
them more efficient so that they can take the place of
the more expensive kind in magnets for accelerators,
electronic circuits, or even more exotic applications as
superconducting railroads and motors,” Valla says.

Using new x-ray technique to improve breast
imaging

Zhong Zhong, National Synchrotron Light Source
(NSLS) Department, and North Carolina State Univer-
sity researchers Miklos Z. Kiss and Dale E. Sayers are
investigating a new technique called diffraction-en-

hanced imaging (DEI) to detect and study calcifications
of breast tissue.

As Kiss reported at the APS meeting, using DEI,
the collaboration looked at a sample of breast tissue
with at least ten calcifications and made computer mod-
els of the new imaging process to study its contrast
mechanisms.

This new method, compared to x-rays used in mam-
mography, significantly improves pictures of breast tis-
sue. Calcifications are associated with breast cancer,
and their early detection is crucial for diagnosis and
treatment.

DEI was developed and tested at the NSLS by re-
searchers from BNL, the Illinois Institute of Technol-
ogy, North Carolina State University, and the Univer-
sity of North Carolina. DEI reduces the x-ray scattering
that makes for blurry images and lack of contrast in
mammograms. The new patented method may one day
replace mammograms.
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Beatriz Noheda

Tonica Valla



3 - 4NSLS Activity Report 2001

When fossil fuels are burned, sulfur impurities within
the fuels become sulfur dioxide, a major air pollutant
and a source for the formation of acid rain. Industry
uses metal-oxide catalysts in catalytic converters and
smokestack scrubbers to help keep sulfur pollutants
out of the atmosphere. But new government regula-
tions emphasize the importance of making this process
more efficient and less expensive.

To help develop new catalysts based on inexpen-
sive oxides, BNL chemists headed by José Rodriguez,
Jan Hrbek, and John Larese have studied the behav-
ior of sulfur dioxide on different surfaces. As a result of
their basic research, they were able to collaborate with
industry in successfully developing catalysts that de-
stroy sulfur dioxide more effectively, yet present no
health or environmental hazard and are inexpensive.

Rodriguez, a chemist in the Chemistry Department,
will tell this story in the 362nd Brookhaven Lecture, “En-
vironmental Catalysis: Unraveling the Mysteries Behind
Desulfurization.” He will give the talk on Wednesday,
March 21, in Berkner Hall at 4 p.m., when he will be
introduced by Hrbek, also of Chemistry.

At Simon Bolivar University, Venezuela, Rodriguez
earned a licenciate and first degree in chemical engi-
neering in 1982, an M.S. in chemistry in 1983, and an

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

M.S. in chemical engineering in 1985. He then moved
to Indiana University, where he received his Ph.D. in
chemistry in 1988. After two years at Texas A&M Uni-
versity, he joined BNL in 1991 as an assistant chemist.
Named Chemist in 1996, he received tenure in 1998.

[Editor’s note: Reprinted with permission from the
BNL Bulletin - March 16, 2001.]

Audrey Zheludev

Unraveling the Mysteries Behind Desulfurization
362nd Brookhaven Lecture
Liz Seubert

Probing the properties of mixed magnets
Andrey Zheludev, Physics Department, reviewed

recent neutron scattering studies of “mixed” quantum/
classical magnets.

Conventional magnets are characterized by long-
range magnetic order where the magnetic fields of all
the individual atoms are oriented in the same or alter-
nating directions. In contrast, certain one-dimensional

magnets become disordered when quantum effects
cause oscillations in the magnetic fields of individual
atoms.

“The properties of such systems totally defy the
classical picture of magnetism,” Zheludev says.

An outstanding problem in condensed-matter phys-
ics is in understanding how classical and quantum mag-
nets interact when combined in a single material.

Zheludev described the discovery and study of the
first known experimental example of such “mixed” mag-
nets, which are found in complex rare-earth nickel ox-
ides.

The most important finding is that dynamic proper-
ties of these compounds have a unique dual nature,
with features of both quantum and classical magne-
tism.

This study deals with the most basic and funda-
mental aspects of material magnetism. While unlikely
to result in practical applications in the short term, it
contributes to the general understanding of how all mag-
nets work.

[Editor’s note: Reprinted with permission from the
BNL Bulletin - March 16, 2001.]
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